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DESCRIPTION, 
ARTIFICIAL DURA MATER • 
TECHNICAL FIELD 
This invention relates to the field of 
5 neurosurgery* In particular, the present invention 

relates to an artificial dura mater for use in medical 
implants* 

BACKGROUND ART 
The dura mater is located between the cranium and 

10 the brain and around the spinal cord. It principally 
protects the brain and spinal cord and prevents 
cerebrospinal fluid leakage. Defects or contractures of 
the dura mater need to be compensated for and lyophilized 
human dura mater has been used for that purpose. However, 

15 human dura mater has drawbacks such as low homogeneity and 
limited supply* Further, possible transmission of 
Creutzfeldt- Jakob disease through the use of human dura 
mater was reported (Noshinkeigeka; 21(2), 167-170, 1993) 
and, eventually, the Japanese Ministry of Health and 

20 Welfare banned the use of lyophilized human dura mater on 
April 7, 1997. 

To solve the above problems r an artificial dura 
mater made of silicone was developed. However, silicone 
dura mater has fallen into disuse as it was reported that 

25 silicone dura mater creates a predisposition to 



meningorrhagia by remaining permanently in vivo because it 
is non-biodegradable, chronically stimulating the 
surrounding tissue and causing hypertrophy of the 
granulation tissue. 

In contrast, artificial dura maters made of 
biodegradable and bioabsorbable materials such as collagen 
(Journal of Biomedical Materials Research; Vol* 25 267-27 6, 
1991} and gelatin (No to Shinkei; 21 1089-1098/ 1969) were 
produced, but they are not in practical use because of 
strength-related problems, i,e w because their suture 
strength is insufficient to allow them to be sutured 
integrally with the dura mater. 

The applicant provided, in Japanese Unexamined 
Patent Publication No, 1996-80344, not only an artificial 
dura mater comprising a sheet made of a biodegradable and 
bioabsorbable polymer, for example, a copolymer of lactic 
acid and caprolactone, but also an artificial dura mater 
further comprising a biodegradable and bioabsorbable 
polymer made of a material different from that of the 
sheet as reinforcement between sheets and an integral 
molding of the sheets and the reinforcement- 

The applicant also provided an artificial dura 
mater which showed improved non-leakage and suture 
strength, etc, and a production method thereof, as well as 
an artificial dura mater which allows optical observation 
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of the brain inside. 

However, the criteria of flexibility, inhibition 
of the cerebrospinal fluid leakage,, and mechanical 
strength, etc* required in the artificial dura mater when 
5 used medically were not discussed in detail. 

An object of the present invention is to 
additionally propose the constituent components necessary 
for an artificial dura mater and their properties, 
j DISCLOSURE OF INVENTION 

If 10 The present invention provides the items 1 to 19 

* listed below* 

q Item 1. An artificial dura mater comprising an amorphous 

U or low crystallinity polymer. 

Item 2 . The artificial dura mater according to item 1 
p 15 wherein the polymer has a degree of crystallinity of 20 % 

=*t or lower - 

J* Item 3* An artificial dura mater which is formed as an 

y 

integral molding of an amorphous or low crystallinity 
polymer and a structural reinforcement, 
20 Item 4- The artificial dura mater according to item 3 
wherein the amorphous or low crystallinity polymer and the 
structural reinforcement are integrated by bonding,, fusion 
or impregnation. 

item 5. The artificial dura mater according to item 1 
25 wherein the elastic modulus of the amorphous or low 



crystallinity polymer at 5 % extension is 10 MPa or lower. 
Item 6. The artificial dura mater according to item 1 
wherein the Tg of the amorphous or low crystallinity 
polymer is 15 or lower. 

Item 7. The artificial dura mater according to item 1 
wherein the tensile elongation at break of the amorphous 
or low crystallinity polymer is 200 % or greater. 
Item 8* The artificial dura mater according to item 1 
wherein the elastic modulus of the amorphous or low 
crystallinity polymer at 37°C is 1 x 1Q 8 Pa or less. 
Item 9. The artificial dura mater according to item 1 
wherein the ratio of relaxation elastic modulus/elastic 
modulus is 0.3 or greater. 

Item 10, The artificial dura mater according to item 3 
wherein the elastic modulus of the structural 
reinforcement at 5 % extension is greater than 10 MPa. 
Item 11. The artificial dura mater according to item 3 
wherein the Tg of the structural reinforcement is higher 
than 15°C. 

Item 12. The artificial dura mater according to item 3 
wherein the tensile elongation at break of the structural 
reinforcement is less than 200 %. 

Item 13. The artificial dura mater according to item 3 
wherein the weight of the amorphous or low crystallinity 
polymer is 10 to 98 % of the total weight of the integral 



molding - 

Item 14, The artificial dura rnater according to item 3 
wherein the weight of the structural reinforcement is 2 % 
or more of the total weight of the integral molding . 
Item 15- The artificial dura mater according to item 1 
wherein the amorphous or low crystallinity polymer is 
biodegradable - 

Item 16. The artificial dura mater according to item 3 
wherein the structural reinforcement is biodegradable. 
Item 17. The artificial dura mater according to item 3 
wherein the amorphous or low crystallinity polymer is 
biodegradable and the structural reinforcement is non- 
biodegradable. 

Item IS. The artificial dura mater according to item 3 
wherein the structural reinforcement is non- 
biodegradable . 

Item 19. The artificial dura mater according to item 3 
wherein the amorphous or low crystallinity polymer is non- 
biodegradable and the structural reinforcement is 
biodegradable - 

The amorphous or low crystallinity polymer of the 
invention has the flexibility required in an artificial 
dura mater and prevents cerebrospinal fluid leakage. The 
degree of crystallinity is preferably 20 % or lower. 
Having a considerably high degree of crystallinity 



improves its mechanical strength; however,, the resultant 
polymer will be too rigid and liable to damage the brain 
surface and making a water-tight suture with the 
surrounding tissue will become difficult. 

The elastic modulus at 5 % extension preferably 
does not exceed 10 MPa, and more preferably is 8,5 MPa or 
less. A polymer having an elastic modulus in the above- 
mentioned range is flexible enough to easily conform to 
the surrounding tissue- On the other hand, when the 
elastic modulus is unduly high, the polymer will be so 
rigid as to risk damaging the brain surface. The 
relaxation elastic modulus is preferably 30 % or more of 
the elastic modulus (the ratio of relaxation elastic 
modulus/elastic modulus is 0.3 or greater), and more 
preferably 50 % or more (the ratio of relaxation elastic 
modulus/elastic modulus is 0,5 or greater). A polymer 
having a higher relaxation elastic modulus exhibits lower 
plasticity. Such a polymer undergoes elastic deformation, 
hence only limited expansion of pinholes is observed after 
suturing. On the other hand, when the relaxation elastic 
modulus is low, the polymer significantly deforms when 
external force is applied, which undesirably allows 
pinholes to remain after suturing and may lead to 
cerebrospinal fluid leakage* Even when a material having 
a low e-lastic modulus is used, if the relaxation elastic 



modulus thereof is low, expansion of pinholes and the like 
occur/ therefore satisfactory prevention of cerebrospinal 
fluid leakage, required in an artificial dura mater, is 
unobtainable, When the material of the invention r having 
a low elastic modulus and a high relaxation elastic 
modulus, is used as a part of an artificial dura mater, a 
flexible artificial dura mater that satisfactorily 
prevents cerebrospinal fluid leakage is obtained* 

Medical instruments are used under temperatures 
from 3Q°C, for the treatment of hypothermia, to 45°C, when 
treating local pyrexia. Accordingly, the glass transition 
point thereof is preferably 15 *C or lower, more preferably 
0°C or lower- A polymer becomes rigid below its glass 
transition point, therefore a polymer requiring enough 
flexibility to be usable as an implant should have a glass 
transition point lower than the operating temperature. 

The tensile elongation at break is preferably 
200 % or greater,, and more preferably 500 % or greater. 
Dura mater having a low tensile elongation at break will 
break during implantation since it is subjected to 
suturing under tension* 

The amorphous or low crystallinity polymer of the 
invention is composed of one or more members selected from 
sheet, film, sponge, cord, nonwoven fabric substance and 
knitted/woven fabric* Since the polymer must prevent 



cerebrospinal fluid leakage, it is preferably a film, 
discontinuous foam sponge or the like. 

Even when the aforementioned amorphous or low 
crystallinity polymer is flexibile and prevents 
cerebrospinal fluid leakage to the extent required in an 
artificial dura mater, handling difficulties may arise in 
some cases where suturing cannot be conducted or the 
artificial dura mater is incapable of enduring the 
intracranial pressure* Accordingly, it is desirable that 
the artificial dura mater be reinforced with a structural 
reinforcement- The structural reinforcement is composed 
of one or more members selected from fabric, cord, 
nonwoven fabric substance, knitted/woven fabric, sheet and 
film. The structural reinforcement improves the strength 
of the artificial dura mater; however, when the content of 
the structural reinforcement in the artificial dura mater 
is unduly large , although the strength improves, the 
artificial dura mater becomes too rigid. Therefore, the 
minimum necessary amount of the structural reinforcement 
is desirably used- When the amorphous or low 

crystallinity polymer is integrally molded with the 
structural reinforcement to form one united body, layers 
of the amorphous or low crystallinity polymer and the 
structural reinforcement are united in alternation. It is 
also possible to integrate them by forming a multilayer 
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structure in such a manner that the structural 
reinforcement layers are inserted into the layers of 
amorphous or low crystallinity polymer and these groups of 
layers are united* 
5 The object of the invention can be achieved by 

impregnating the structural reinforcement with an 
amorphous or low crystallinity polymer solution and 
removing the solvent whereby the amorphous or low 
I crystallinity polymer layer and the structural 

jjj 10 reinforcement layer are integrated into one unit without 

\ A forming another layer in between. 

The elastic modulus of the structural 
*U reinforcement at 5 % extension is preferably above 10 MPa, 

more preferably 50 MPa or higher* When the elastic 
p 15 modulus is low, the integrally molded artificial dura 

mater has insufficient suture strength and pinholes are 
liable to expand, which may lead to cerebrospinal fluid 
leakage. Having a high elastic modulus can prevent the 
artificial dura mater with integrated structural 
20 reinforcement from expanding or deforming too much. 

The Tg of the structural reinforcement is 
preferably above 15°C. When the Tg is below 15°C, the 
structural reinforcement tends to deform under body 
temperature. The structural reinforcement of the 

25 invention maintains the form of the integrally molded 



a 
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artificial dura mater, therefore deformation of the 
structural reinforcement itself is undesirable- When the 
Tg of the structural reinforcement is above 15 °C, even if 
the artificial dura mater is warmed by body temperature 
5 during surgery the integrally molded artificial dura mater 
has a certain stiffness and does not become too flexible, 
thus trimming and suturing are easily conducted . 

The tensile elongation at break of the structural 
reinforcement is preferably less than 200 %. When tensile 
10 stress is high, the integrally molded artificial dura 
mater is liable to deform since it has high tensile 
elongation, which may cause cerebrospinal fluid leakage 
through the sutural portions, when the tensile elongation 
at break of the structural reinforcement is low, the 
15 integrally molded artificial dura mater has a high tensile 
elongation on a microscopic level due to the amorphous or 
low crystallinity polymer, at the same time, the tensile 
elongation on a macroscopic level is kept down because of 
the structural reinforcement- This is desirable. 
20 Using bioabsorbable amorphous or low 

crystallinity polymer and a structural reinforcement made 
of bioabsorbable polymer can provide a bioabsorbable 
artificial dura mater. When the at least one of the two 
is made of non-bio absorbable polymer, only the non- 
25 bioabsorbable polymer will remain in vivo. When both are 



made of non-bioabsorbabl'e polymer, the resultant 
artificial dura mater will be non-bioabsorbable . 

The weight content of the amorphous or low 
crystallinity polymer in the integral molding with the 
structural reinforcement is generally about 10 to 98 %, 
and preferably about 50 to 98 I. 

The content of the structural reinforcement in 
the integral molding is generally about 2 % by weight or 
higher, and preferably about 2 to 10 % by weight. 

In the above structure, examples of biodegradable 
polymers include aliphatic polyesters (polyglycolic acid, 
polylactic acid, polycaprolactone, polyvalerolactone and 
copolymers thereof), polyesterethers (poly-1, 4-dioxanone- 
2-one, poly-1, 5-dioxepan-2-one, copolymers of ethylene 
glycol and the above-mentioned aliphatic polyesters , 
copolymers of propylene glycol and the above-mentioned 
aliphatic polyesters), copolymers of the above-mentioned 
aliphatic polyesters and polyesterether, collagen and the 
like- Among those, copolymers of lactic acids (L form, D 
form, D,L form] and caprolactone are preferable, and a 
copolymer of L-lactic acid and e-caprolactone is more 
preferable . 

Preference is given to the copolymers of lactic 
acids/caprolactone since their dynamic properties and 
rates of degradation are easily controlled. Preferable 
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molar ratios between the lactide and caprolactone in the 
copolymers range from 25/75 to 40/60. 

The thickness of the artificial dura mater of the 
invention is generally 50 to 800 urn, and preferably 100 to 
300 um. When the artificial dura mater has a three-layer 
structure, the thickness of respective sheets on both of 
the outer surfaces is generally 25 to 400 urn, and 
preferably 50 to 150 um. The thickness of the 
reinforcement disposed between the sheets is generally 20 
to 500 um, and preferably 50 to 200 p. 

The copolymers of lactide and caprolactone have 
an average molecular weight of about 100,000 to 500,000, 
preferably about 150,000 to 300,000* The polyglycolic 
acid has an intrinsic viscosity of about 0-8 to 1.8, 
preferably about 1.0 to 1.4. 

The sheet of bioabsorbable synthetic polymer 
which constitutes the artificial dura mater of the 
invention preferably has smooth surfaces free from 
roughness. Such a sheet can be obtained by dissolving the 
polymer in a solvent, filtering the resultant solution and 
then casting the same, followed by air-drying, or forming 
a film by a melt-extruder and drawing the same* 

Examples of non-bioabsorbable polymers include 
polyesters (polyethylene, polypropylene) , polyurethane, 
fluorine-based polymers, silk, cellulose and the like. 
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Since they are used for implantation, they should be 
harmless to the human body. 

As described above , the invention provides an 
artificial dura mater which does not damage the brain 
surface and prevents cerebrospinal fluid leakage. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following examples serve to illustrate the 

present invention- However r the scope of the invention is 

not limited by these examples. 

Amorphous or low crystaliinity polymer 

Example 1 

144g of L-lactide and 114g of e-caprolactone, and 
100 ppm of the total weight of catalyst were placed in a 
glass ampoule, subjected to pressure reduction and sealed. 
Then, they were kept at 14Q°C for 48 hours, obtaining a L- 
lactide/e-caprolactone copolymer [molar ratio: 50/50; 
weight average molecular weight by GPC: 240,000; 
hereinafter referred to as P (L-LA/CL) {molar ratio: 
50/50)]. Thus obtained P (L-LA/CL) (molar ratio: 50/50) 
was dissolved in a solvent (chloroform) so that the 
concentration of the solution became 5 wt% . After 
complete dissolution, the solution was subjected to 
filtration to remove insoluble matter. The solution was 
then cast on a glass plate (flow casting) and subjected to 
air drying, followed by vacuum drying at room temperature 



for 12 hours to remove the solvent, obtaining a 
composition made of P (L-LA/CL) (molar ratio: 50/50) . The 
thickness of the obtained composition was 103 pro- 
Example 2 

72g of L-lactide and 17 lg of E-caprolactone, and 
100 ppm of the total weight of catalyst were placed in a 
glass ampoule, subjected to pressure reduction and sealed- 
Then, they were kept at 14Q*C for 48 hours, obtaining a L- 
lactide/e-caprolactone copolymer [molar ratio: 25/75; 
weight average molecular weight by GPC: 200,000; 
hereinafter referred to as P (L-LA/CL) (molar ratio: 
25/75)]. Thus obtained P (L-LA/CL) (molar ratio: 25/75) 
was dissolved in a solvent (chloroform) so that the 
concentration of the solution became 5 wt%. After 
complete dissolution, the solution was subjected to 
filtration to remove insoluble matter. The solution was 
then cast on a glass plate (flow casting) and subjected to 
air drying, followed by vacuum drying at room temperature 
for 12 hours to remove the solvent, obtaining a 
composition made of P (L-LA/CL) (molar ratio: 25/75) . The 
thickness of the obtained composition was 94 urn. 
Example 3 

144g of L-lactide and 114g of £-caprolactone, and 
100 ppm of the total weight of catalyst were placed in a 
glass ampoule, subjected to pressure reduction and sealed. 
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Then, they were kept at 140*0 for 48 hours, obtaining a L- 
lactide/e-caprolactone copolymer [molar ratio: 50/50; 
weight average molecular weight by GPC: 240,000; 
hereinafter referred to as P (L-LA/CL) (molar ratio: 
50/50)]. Thus obtained P (L-LA/CL) (molar ratio: 50/50) 
was dissolved in a 3olvent (1, 4-dioxane) so that the 
concentration of the solution became 6 wt%. After 
complete dissolution, the resultant solution was subjected 
to filtration to remove insoluble matter* The solution 
was then cast on a glass plate (flow casting) and 
subjected to lyophilization using a freeze dryer, followed 
by vacuum drying at 50 °C for 12 hours to remove the 
solvent, obtaining a spongy composition made of P (L- 
LA/CL) (molar ratio: 50/50). The thickness of the 
obtained spongy composition was 524 urn* 
Example 4 

A polytetraf luoroethylene/propylene copolymer was 
dissolved in a solvent (THF: tetrahydrof uran) so that the 
concentration of the solution became 3 wt%. The solution 
was cast on a glass plate (flow casting) and subjected to 
air drying, followed by vacuum drying at 70 D C for 12 hours 
to remove the solvent, thus obtaining a composition made 
of a copolymer of polytetraf luoroethylene and propylene. 
The thickness of the obtained composition was 92 uiru 
Comparative Example 1 
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Poly-e-caprolactone (weight average molecular 
weight by GPC: 80,000; hereinafter referred to as PCL) was 
produced in a conventional manner. The obtained PCL was 
dissolved in a solvent (chloroform) so that the 
concentration of the resultant solution became 5 wt%. 
After complete dissolution, the solution was subjected to 
filtration to remove insoluble matter. The solution was 
then cast on a glass plate (flow casting) and subjected to 
air drying, followed by vacuum drying at 40 °C for 12 hours 
to remove the solvent, thus obtaining a composition made 
of PCL. The thickness of the obtained composition was 112 

Measurement of crystallinity 

The crystallinity of the compositions obtained in 
15 Examples 1, 2, 3, 4 and Comparative Example 1 was measured 
using an X-ray dif f ractometer (RAD-2C manufactured by 
Rigaku International Corporation) . Table 1 shows the 
results . 
Table 1 

20 Crystallinity of films 



Sample 


Example 
1 


Example 
2 


Example 
3 


Example A 


Comparative 
Example 1 


Crystallinity 
(%) _J 


18.6 


12.7 


15.4 


Unmeasurable 
( amorphous ) 


34.3 



Measurement of Young' s modulus at 5 % extension and 



tensile elongation at break 

The Young's modulus at 5 % extension and tensile 
elongation at break of the compositions of Examples 1, 2, 
3, 4 and Comparative Example 1 were measured using a 
universal tensile testing machine (AG-5QQ0B manufactured 
by Shimazu Corporation) with a chuck distance of 40 mm and 
a stress rate of 50 mm/min. Table 2 shows the results. 
Measurement of glass transition point 

The glass transition point of the compositions 
obtained in Examples 1, 2, 3 r 4 and Comparative Example 1 
was measured using a differential scanning calorimeter 
(DSC-50 manufactured by Shimazu Corporation) under a 
programming rate of 10 °C/min. Table 2 shows the results. 
Measurement of elastic modulus 

The elastic modulus of the compositions obtained 
in Examples 1, 2, 3, 4 and Comparative Example 1 was 
measured using a non-resonant forced vibration measuring 
apparatus ( "RHEOVIBRQN"DDV^II-EA manufactured by OR1ENTEC 
Co., Ltd,) under a driving frequency of 11 Hz and a 
programming rate of 0.5 °C/min. Table 2 shows the results 
obtained at a temperature of 37 °C. 
Measurement of relaxation elastic modulus 

The relaxation elastic modulus of the 
compositions obtained in Examples 1, 2, 3, and Comparative 
Example 1 was measured by conducting a stress relaxation 



test at room temperature (23 °C] - Table 2 shows the 
results and the ratio of the relaxation elastic modulus to 
the elastic modulus. 
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Table 2 

Properties of films 



Sample 


Example 
1 


Example 
2 


Example 
3 


Example 
4 


Comparative 
Example 1 


Young's modulus at 
5 % extension (MPa) 


8.12 


5.54 


0.63 


0.42 


23.64 


Tensile elongation 
at break (%) 


940 


1065 


446 


250 




Glass transition 
point (°C } 


-17 


-50 


-17 


-38 


-60 


Elastic modulus 
(x 1Q 7 Pa) 


2.5 


1.6 


0.19 


0.87 


24 


Relaxation elastic 
modulus (x 10 7 l?a) 


2-2 


1,1 


0.17 


0.30 


3.3 


Relaxation elastic 
modulus/ Elastic 
modulus (ratio) 


0.667 


0.379 


0.692 


0.345 


0.110 



Pressure tightness o£ pinhole 

The pressure tightness of the pinholes of the 
compositions obtained in Examples 1, 2, 3, 4 and 
Comparative Example 1 was measured in accordance with JIS 
L1092 {Water resistance) - Table 3 shows the results* 
Table 3 

Pressure tightness of pinholes in film 



Sample 


Example 
1 


Example 
2 


Example 
3 


Example 
4 


Comparative 
Example 1 


Pressure 

tightness (mmHg) 


102.9 


81.9 


50,0 


73.6 


1.54 



These results reveal that the compositions of 
Examples 1, 2 r 3 r 4 are flexible enough to not damage the 



brain surface* At the same time, they are resistant to 
deformation since they have high ratios of relaxation 
elastic modulus to elastic modulus* Even when the 
compositions were penetrated by a suture needle, pinhole 
expansion was not observed. They have higher pressure 
tightness in their pinholes compared to that of 
Comparative Example 1. Intracranial pressure is generally 
5 mmHg, 50 mmHg at the highest, therefore the test results 
show that they satisfactorily prevent cerebrospinal fluid 
leakage. 

Preparation of structural reinforcement 

1) Polyglycolic acid nonwoven fabric 

Polyglycolic acid (intrinsic viscosity = 1-14) 
was produced in a conventional manner. The obtained 
polyglycolic acid was subjected to spinning to form a 
polyglycolic acid yarn having about 2 0 deniers followed by 
drawing, and then circular knitting the drawn yarn and 
needle punching this knitting. Thus, nonwoven fabric 
having 25 g/m 2 was obtained. 

2) Polylactic acid nonwoven fabric 

Polylactic acid (weight average molecular weight 
by GPC: 280,000} was produced in a conventional manner. 
The obtained polylactic acid was subjected to spinning to 
form a polylactic acid yarn having about 50 deniers 
followed by drawing, and then circular knitting the drawn 
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yarn and needle punching this knitting. Thus, nonwoven 
fabric having 38 g/m 2 was obtained* 
3) Rayon nonwoven fabric 

Rayon prepared by a conventional spinning method 
was subjected to circular knitting and needle punching to 
obtain nonwoven fabric. The resultant nonwoven fabric was 
21 g/m 2 . 

Producing an integral molding 
Examples 5-1 and 5-2 

Each of the above-described polyglycolic acid 
nonwoven fabrics were inserted between the moldings 
obtained in Examples 1 and 2. Thereafter, the film? were 
melted and pressed for heat fusion bonding, thus obtaining 
integrally molded composite films. The artificial dura 
maters of the invention were obtained by subjecting the 
films to vacuum drying at 70 °C for 12 hours. They are 
referred to as Examples 5-1 and 5-2, respectively. 
Example 6 

The surface of the molding obtained in Example 3 
was melted by spraying dioxane thereon, then the above- 
obtained polylactic acid nonwoven fabric was press bonded 
thereto, forming an integral molding. The artificial dura 
mater of the invention was obtained by subjecting the 
resultant molding to vacuum drying at 70 °C for 12 hours. 
Example 7 
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The rayon nonwoven fabric obtained above was 
inserted between the moldings of Example 1- The films 
were subjected to fusion press and fusion boding for 
obtaining an integral molding- The artificial dura mater 
of the invention was obtained by subjecting the resultant 
integral molding to vacuum drying at 70°C for 12 hours* 
Example 8 

A polyglycolic acid unwoven fabric having a 
surface melted by hexaf luoro-isopropanol was press bonded 
on commercially available soft polyurethane foam 
(thickness of 1 mm} . The artificial dura mater of the 
invention was obtained by subjecting the resultant 
integral molding to vacuum drying at 70 °C for 12 hours* 
Example 9 

A polytetraf luoroethylene/propylene copolymer was 
dissolved in a solvent (THF) and the resultant solution 
was cast on a glass plate {flow casting) having a rayon 
nonwoven fabric thereon, followed by vulcanizing air 
drying. The artificial dura mater of the invention was 
obtained by subjecting the resultant film to vacuum drying 
at 70°C for 12 hours. 

Tensile strength/ Young's modulus at 5 % extension and 
tensile elongation at break 

The Young's modulus at 5 % extension and 
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tensile elongation at break of the compositions of 
Examples 5-1, 5-2, 6, 7, 8 and 9 were measured using a 
universal tensile testing machine (AG-5000B manufactured 
by Shimazu Corporation) with a chuck distance of 40 mm and 
a stress rate of 50 mm/min. Table 4 shows the results. 

Hydrolysis property 

The compositions of Examples 5-1, 5-2, 6, 7, 8 
and 9 were observed after immersing in a physiological 
salt solution at 37 °C for half a year. Table 4 shows the 
results . 



Table 4 



Sample 


Example 
5-1 


Example 
5-2 


Example 6 


Example 
7 


Example 
B 


Example 
9 


Tensile 
strength 

(MPa) 


15. S 


24,1 


2.03 


14.1 


0.11 


13.8 


Tensile 
elongation at 
break (%) 


30 


89.9 


103.7 


36.9 


47.7 


225 


Young' s 
modulus at 
5 % extension 
(MPa) 


29.8 


20,3 


1.67 


34.8 


0.04 


0.35 


Weight of 
nonwoven 
fabric (§ } 


6.1 


8.3 






16.8 


4.2 


Degradability 
(Hydrolysis 
property) 


Totally 
deformed 


Totally 
deformed 


Form of 

films was 

almost 

deformed. 

Nonwoven 

fabric was 

weak. 


Form of 
nonwoven 
fabric 
was 

retained 


Form was 

retained 


Form was 
retained 



